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(Received for publication, March 27, 1957) It is well known that after hypophysectomy or adrenalectomy, anlma]s manifest a depression of resistance to various stresses e.g. exposure to marked temperature changes, anesthetics, drugs, toxins, and infections (1, 2). It has been found that the general resistance of animals that have undergone such operations may be considerably enhanced by the administration of adrenal cortical hormones or extracts, or by the administration to hypophysectomi~d animals of pituitary extracts rich in corticotropins (ACTH). These findings would at first appear to contradict the results of numerous recent investigations which have shown that the administration of ACTH or the glucocorticoids of the adrenal often lead to a marked depression of resistance to experimentally induced microbial infections. The depression of resistance to infection has been primarily observed in normal, intact animals, while the enhancement of resistance has been observed mostly in hypophysectomized or adrenalectomized animals treated with pituitary or adrenocortical extracts or hormones. Moreover, the dosages of either ACTH or the glucocorticoids (cortisone, hydrocortisone) employed in order to demonstrate a significant depression of resistance to infection in intact animals, have usually been above the levels of these hormones that are present in the animals normally or even under conditions of extreme stress. Thus, on the one hand, beneficial effects have been observed ctfiefly in deficient animals that were restored in the direction of normality by the injection of ACTH or cortical hormones, and on the other hand, depression of resistance has been demonstrated in intact animals with the use of relatively large doses of ACTH or the glucocorticoids, an effect which would appear to be explainable on a pharmacological rather than physiological basis.
A very thorough review of recent literature in this field has been presented by Kass and Finl~ud (3) and Germuth (4) . The reader is also referred to an excellent discus-* This work was supported in part by grants from the National Institutes of Health of the United States Public Health Service (Grant No. G2907), the American Cancer Society, Inc., upon recommendation of the Committee on Growth of the National Research Council, and the Albert and Mary Lasker Foundation. 127 sion by Robinson (5) and symposia which have dealt directly with this subject (6, 7) . The results of numerous studies reported since the above publications have not altered the general picture; they have served to confirm the earlier findings and have extended them to other microorganisms and host species.
It is known that ACTH may act in opposition to certain effects of growth hormone (somatotropin, STI-I) (8) . Opposite effects of ACTH or the glucocorticoids on the one hand and STH on the other have also been reported with respect to inflammation (9) , lymphoid tissue mass (10) , the formation of granulation tissue (11) (12) (13) , the level of plasma amino acids (14) , fibrinogen (15, 16) , complement (17) , nitrogen retention (18, 19) , and capillary resistance (20) . These, and other effects of these hormones may be factors of considerable importance in natural resistance to infection. However, in spite of the large volume of recent literature concerning resistance to toxic agents and infections, investigations dealing with the counteraction of depressed resistance to infection by the use of anabolic hormones such as STtt have been comparatively few. Selye observed a marked depression in the resistance of rats to spontaneous pulmonary infections when they were treated for 12 to 19 days with very high doses of ACTtt or cortisone (21) . The majority of these rats succumbed, whereas there were no deaths among non-treated controls. In animals receiving STH simultaneously with ACTH or cortisone, the lethal effects did not occur. No attempts were made to determine the actual etiological agent of the infection. Similar observations have been made in our own laboratories (22) in experiments with C3H mice, bearing transplanted mammary adenoearcinomas. Kass, Lundgren, and Finland (23) were unable to demonstrate any beneficial effects with STH injections in Swiss mice that were experimentally infected with pneumococci (Type II) or influenza A virus (PRS) and treated with cortisone. It appears, however, that the cortisone dosage employed by them may have been too great (5 mg. per day per mouse) for the STH to overcome. Thomas (24) was likewise unable to reverse the cortisone-induced depression of resistance to experimental streptococcal infections in rabbits, with simultaneous STH injections.
Lemonde, Panisset, Dobija, and Selye reported (25) their findings on the effect of STH treatment of albino rats of the Wistar strain which had been experimentally infected with a virulent human strain of tubercle bacilli. Rats are naturally resistant to tuberculosis, but with the administration of cortisone, the above investigators succeeded in rendering them susceptible. However, the cortisone dosage was so high that this treatment alone, without the inoculation of tubercle organisms, resulted in the death from pulmonary infections of 20 per cent of the animals. Fifty per cent of the animals succumbed if they were treated with cortisone after infection with tubercle bacilli. The simultaneous administration of STH not only prevented the increase in death rate due to cortisone treatment, but also resulted in less extensive lesions in the lungs than in infected animals receiving cortisone alone. Animals receiving STH alone however, did not show any beneficial effects in the pathological findings nor in mortality when compared to the infected controls. Although the beneficial effects of STH were clearly demonstrated in the counteraction of the effects of cortisone, the interpretation of the results becomes somewhat complicated because of the presence of mixed infections in the animals so treated. Jude, Laborit, and Leroux reported (26) what appears to be a significant protective effect on the part of STH in mice infected with typhoid organisms. In their studies, no counteraction experiments were performed.
I t was felt t h a t further investigation m i g h t yield additional i n f o r m a t i o n concerning the possible m e c h a n i s m s i n v o l v e d in resistance to infection. I t was the purpose of the following experiments to determine the influence of highly purified A C T H and S T H on the survival of young, adult rats w h e n challenged with living Pasteurdla pestis organisms of an " a v i r u l e n t " strain, E V 76. 
Materials and Methods
Animals.--Normal, young adult, female rats of the Long-Evans strain, approximately 3~ months of age, with a weight range of 190-240 gin., averaging 210-220 gin., were used in all experiments. The animals were always uniformly distributed in the various experimental and control groups on the basis of both age and weight, and were maintained on our standard laboratory diet, ad libitum. The composition of the diet has been described in a previous paper (27) .
Bacteria.--Living Pazteurella pestis organisms, strain EV 76 of Girard and Robic (28, 29) were used in all experiments as the challenging agent. This strain is considered to be avirulent for humans and has been extensively used for vaccination against the virulent forms of plague (28, 29) . Under ordinary circumstances it is also harmless in mice, even when inoculated in very large doses (30) . However, under altered conditions of host physiology following the injection of a relatively large dose of cortisone (2.5 rag.) 4 hours prior to challenge, this particular strain has been shown to be capable of producing in these animals a widespread invasive infection, ending in bacteriemia and death, with the typical findings at autopsy that accompany plague caused by virulent strains of P. pestis (31) . Organisms used in the present investigation were obtained from the George Williams Hooper Foundation for Medical Research, University of California. Forty-eight hour hormone-agar cultures (37°C.) were suspended and diluted in saline to the appropriate concentrations. The challenge dose was always injected intraperitoneally in a volume of 0.5 co. per rat.
Hormones.--The ACTH (25 I.U. per mg.) used in all experiments was a highly purified preparation (fraction F) obtained from sheep pituitary glands by the method of Li et d. (32) . The STH was likewise highly purified, prepared from ox anterior pituitaries (33) . t The characteristics and biological assay of these hormones have been described in detail in the preceding paper (27) . The daily dose employed in all experiments was 1.0 mg. for STH and 0.1 rag. for ACTH except as otherwise indicated. ACTH was administered as a suspension in 5 per cent beeswax in peanut oil, in a total volume of 0.05--0.1 ce. per injection. STH was dissolved in distilled water and, after the pH was adjusted to approximately 7.5-7.8 with 0.1 ~ sodium hydroxide, the solution was injected in a total volume of 0.5 cc. 1~ per cent of n-butyl alcohol by final volume was added as a preservative. STH solutions were prepared fresh every 2-3 days and stored under refrigeration between injections. All ACTH and STH injections were made subcutaneously in the dorsum of the animals after the skin was sponged with iodized alcohol.
General Procedure.--In the first part of the present investigation, experiments were performed with the hormones in order to establish suitable dose levels to be employed in the 1 The ACTH and STH preparations were made available through the courtesy of Dr. C. H. Li and his associates. resistance studies. In the section Results, various experiments were carried out to determine the influence of treatment with ACTH and STH on the survival of animais after infection with P. pest/s. The total naortality as weU as the peak incidence of deaths was noted for all groups; and body weights were recorded at intervals through the 6th day following challenge. The significance of the difference in percentage of survivors in the various groups was anaiyzed by obtaining the significance ratio for the normalized random variable and was then expressed in terms of "p" values of Fisher (34) .
The Assay of ACTH and STH Doses on Basis of Influence on Body Weight.--(Fig.
1). Forty-eight normal female rats approximately 3 months of age were apportioned into 6 groups of 8 rats each, so that the average weight for each group was 190 gin. One
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.~S T H (I mg.) group served as normal control; a 2nd group was injected daily with 0.1 nag. ACTH; a 3rd group received 1.0 rag. STH daily; while the 4th through 6th groups were injected daily with 2.0 nag., 1.0 nag., and 0.4 nag. respectively of STH, in addition to the daily dose of 0.1 mg. ACTH. All injections were continued for 1 month.
It may be seen from Fig. 1 that a moderate depression of growth rate was evident in the group treated daily with 0.1 nag. ACTH, as compared with the normal, non-treated controls. Over the 31 day period, the ACTH group gained an average of 23 gm. per rat whereas the controls gained 36 gln. It will be noted that there was no significant difference in the average weight of these two groups during the first 10 days of injections. STH, when injected alone at 1.0 nag. per day, gave a good stimulus to the growth rate, producing an average weight gain of 2.7 gm. per day, compared with 1.2 gna. per day gained by the controls over the 1 month period. During the first 3 weeks, the STH-treated animals were gaining at the rate of 3 gm. per day.
The group of animals treated with 0.1 nag. ACTH plus 1.0 mg. STH not only showed a complete reversal of the ACTH effect but grew at a rate that was almost 3 times that of the group treated with ACTH alone; it also gained almost twice as much weight as the nontreated controls over the 1 month period. The group treated with 2.0 rag. STH in addition to the ACTH, gained almost as much weight as the group given STH alone at 1.0 rag. per day. The animals which received ACTH plus 0.4 rag. STH gained about the same amount of weight as the non-hormone treated controls. Similar experiments with 4 groups of 20 rats treated with only one dose level of STH (1.0 rag.) and ACTH (0.1 rag.) gave similar results.
The Influence of ACTH and STH on Adrenal and Thymus Weigtgs.--A modified Moon
assay (35) was performed to determine the influence of ACTH on adrenal weight, utilizing normal, 30 day old, male rats weighing approximately 95 gin. each. They were given subcutaneous injections of 0.1 rag. ACTH in 0.1 cc. of a vehicle consisting of 5 per cent beeswax in peanut oil, daily for 4 days. The rats were sacrificed approximately 20 hours after the last hormone injection to obtain organ weights. The treatment resulted in a 46 per cent increase in adrenal weight and a 54 per cent decrease in thymic weight. The same 4 day assay was repeated in 9 week old, normal female rats weighing an average of 165 gin. The same dosage of ACTH was employed as above. The adrenal weight was increased by 30 per cent (p = < 0.001) while the thymus was involuted by 47 per cent (p --< 0.001). When STR (1.0 rag. per day in 0.5 cc. saline) was administered simultaneously the thymic involution and the suppressing effect on body weight gain due to ACTH injections were significantly counteracted. Under the experimental conditions of the latter assay, the injection of STI-I alone did not result in any significant changes in adrenal or thymic weights. It was concluded on the basis of their influence on adrenal, thymus, and body weights that the daily dose of 1.0 rag. STH and 0.1 rag. ACTH represented suitable dose levels of these hormones, either alone or in combination, for these studies and that it would not be necessary to introduce any higher doses, thus minimizing the occurrence of possible nonspecific effects.
R.ESULTS Table I ). The rats composing Group I were injected daily with 1.0 rag. A C T H for 7 days and were sacrificed on the 8th day. The animals composing Group I I were treated with the same regimen of A C T H , but were infected on the 4th day of hormone administration with a dose of bacteria t h a t was just below the lethal level (~,~ LD60). Groups I I I to V were control groups injected with varying doses of the bacteria alone, ranging from ~ to 1 LDs0.
The Influence of a High A C T H Dosage on Depression of Resistance to a Sublethal Dose of Organisms.--(
Neither the A C T H treatment (Group I) nor the ~,~ LDs0 challenge alone (Group I I I ) resulted in any deaths, while 61 per cent of the animals died if they received both the A C T H treatment and the same challenge dose (Group II). The 1 LD~0 control animals (Group V) lost an average of 14 gin. per rat over the first 4 days after challenge. The animals which received the A C T H treatment alone were losing weight at the a p p r o~m a t e rate of 3 gin. per day for an average loss of 12 gin. per rat during this period, while animals which were both treated with A C T H and challenged with the sublethal dose of organisms, lost an average of 25 gin. per rat over the 4 day period. The ~ LD~0 challenge group showed only a slight body weight loss of 3 gin. during this period.
The adrenals of the animals injected with ACTH alone (1.0 mg. per day) were found to have increased in weight by 248 per cent in 8 days while those of animals that were infected with the sublethal bacterial dose during the ACTH treatment, showed an even greater increase, to 532 per cent. At autopsy, gross observation and microscopic examination of various organs of the ACTHtreated animals which died subsequent to challenge showed findings characteristic of P. pestis infections. Bacteriological examination by means of cultures and Giemsa-stained smears in most instances revealed the presence of numerous P. pestis organisms in the spleen and heart blood. The results of the experiment indicated that a marked depression in resistance to P. pestis was induced by the high ACTH dosage, sufficient to cause the death of the majority of animals following a sublethal dose of bacteria. ACTH was injected once daily for 7 days, beginning 3 days prior to challenge. * Few animals died on the 3rd day after challenge; most deaths occurred on the 5th to 6th day. In the 1/2 and 1 LDj0 controls, most deaths occurred on the 4th and 5th day. Table II) . Each experimental group consisted of approximately 30 animals. The daily dose of ACTH was 0.1 rag. and that of STH was 1.0 rag. Hormones were administered for 3 days prior to infection and continued daily for 4 days thereafter. All animals were weighed at the beginning of the experiment and on the 2nd, 3rd, 4th, and 6th days postinfecdon.
The Influence of a Short Term Treatment with ACTH and STH upon Survival of Rats Infected with an LDso of Organisms.--(
The peak incidence of mortality occurred on the 4th to 5th day after infection with a challenge dose of 1 or x/~ LDs0. When the percentage of survivors in the ACTH-treated group (18 per cent) was compared to that in the LDs0 control (50 per cent) it was evident that the ACTH-treatment (0.1 rag. per day) caused a significant (p = < 0.001) depression of resistance (Fig. 2) . The simultaneous administration of STH completely counteracted this depressive effect (80 per cent survivors, p = < 0.001). In this experiment STH alone showed a significant enhancing effect on survival (p = < 0.05) in comparison 
TABLE II

The Influence of A C T H and S T H on Survival of Rats Challenged with an LDso of P. pestis ( E V 76)
Hormones injected for 3 days prior to challenge and continued after challenge. with the controls, and the combination of this hormone with ACTH resulted in an even higher survival rate, which was a very significant increase over that of the control value (p = < 0.001). Thus, in the ACTH group the ratio of survivors to dead was 1 to 4, whereas with the simultaneous injection of STH, this 
Ddya
Fro. 3. Influence of ACTH and STH upon relative changes in body weight (grams) of rats after infection with an LD50 of P. pest/s (EV 76). Hormone injections were given for 3 days prior to challenge and continued daily through postchaUenge day 4. Daily dosages: ACTH, 0.1 mg.; growth hormone, 0.8 to 1.0 rag. Fractions accompanying points along curves indicate the number of survivors/total infected. The curves indicated by the dotted lines represent non-infected control groups, and were obtained by previously determined data for animals of the same age, sex, and body weight. The mean weight for all experimental groups was 216 gin. at challenge, day "0," at which time none of the experimental groups varied in mean weight by more than 2 to 3 gm. from this value. ratio was reversed. It may be further noted that the percentage of survivors resulting from the ACTH treatment alone was comparable to that observed when the non-hormone treated controls were challenged with 2 LDs0; and the percentage of survivors in the group receiving combined treatment was similar to that observed when the LDs0 dose in non-hormone treated Controls was halved.
Observations made with respect to the influence of the hormones on body weight changes following infection revealed additional information of interest. It is evident from Fig. 3 and Table H that the ACTH group and the nonhormone treated controls lost the most weight in the 3 day period following challenge (--14 gm.), whereas those treated with STH, injected either alone (--3.0 gin.) or in combination with ACTH (--7.5 gm.) enjoyed protection against body weight loss during this acute period of infection. The greatest body weight loss was reached by the end of the 3rd day after challenge, except in the ACTH group in which the maximal loss occurred on the 4th day (--22 gin.). By the 4th day only the STH group showed an average body weight eq~xal to or higher than the initial body weight at the time of challenge.
The Influence of a 2 Week Hormonal Pretreatment on Resistance of Rats Infected with an LD6o, with the Last Hormone Injection Given on the Day Prior to Infection.
Each experimental group consisted of 14 rats. The hormonal dosages employed were the same as in the previous experiment (0.1 rag. ACTH and 1.0 rag. STH daily).
The results again showed that the group which received the STH in addition to the ACTH demonstrated a better survival rate than any of the other hormone-treated groups or the infected controls which received no hormones. Although these experimental trends were similar to those already observed in the previous experiment, the results were not as significant. These findings suggested that continuation of hormone treatment after infection may be desirable in order to obtain the most effective alteration of resistance to infection. Table  III) . ACTH was administered in a daily dose of 0.1 rag., and STH, of 1.0 rag. No hormone injections were given after challenge. It may be noted that the experiment was carried out in two separate parts, Experiment A and B. Since the number of animals per group, the challenge dose, and other experimental conditions, as well as the experimental trends, were similar in both parts of the experiment, the data were combined.
The Influence of a 2 Week Hormonal Pretreatment on the Mortality during the First 24 Hours following Challenge with a High Toxic Dose (4 LDso).--(
It may be seen that pretreatment with ACTH increased markedly the susceptibility of the animals to the challenge dose, so that 73 per cent died within the first 24 hours. This was a very significant difference (p --< 0.001) from the percentage of deaths (27 per cent) in the control groups over the same period of time. Pretreatment with STH alone resulted in only an 8 per cent mortality, which represented a significant protection (p = < 0.02) and its simultaneous administration with ACTH prevented the increased death rate due to the latter hormone alone (p = < 0.001). The slightly greater lethal effects observed in Experiment B are probably largely due to the slight increase in potency of the challenge dose over that used in Experiment A. This is indicated by the fact that the 1 LD~0 control for Experiment B was 55 per cent lethal while for Experiment A it was 47 per cent lethal. This was only a minor difference, yet it appears to have been reflected in the percentage of mortality in all groups of Experiment B. The 4 LD60 challenge dose was apparently too great a test for the various experimental groups as far as final survival was concerned. This may be seen from the total percentage of mortality by the 5th day after challenge, at which time all 26 animals had died in the ACTH and the combination group as well as in the 4 LDs0 controls. The ACTH group was the first group to show 100 per cent lethality (3rd day), while the combination and control groups reached this percentage on the 4th day. The group treated with STH, the only group receiving 4 LDs0 to have any survivors at all, had 3 survivors out of 26 animals. The 2 LDs0 control group had 1 survivor out of 12 animals.
In contrast to the findings mentioned above (Table II) , in which the most beneficial effects on survival following challenge with 1 LD6o consistently occurred in animals which were treated with both hormones, the highest survival rate following challenge with the overwhelming toxic dose of 4 LDs0 was encountered in the group pretreated with STH alone. This protective effect was most evident during the first 24 hours after challenge, although subsequently the efficacy of this protection was reduced.
DISCUSSION
In the foregoing studies it was shown that the relatively high ACTH dosage of 1.0 rag. per day per rat could lower resistance sufficiently so that the animals thus treated would succumb to a sublethal challenge dose. It was also demonstrated that treatment with only one-tenth of the ACTH dosage (0.I rag. per day) over the same period of time, was adequate to cause a significant depression in resistance, when the hormone treatment was continued during the period of acute infection. It is possible that the administration of an even smaller dose may have been beneficial.
It was stated by Lurie et al. (1953) (36) that physiologic rather than pharmacologic doses of adrcnocortical and hypophyseal hormones may actually enhance the defense mechanisms of intact animals against infection, although this still remains to be determined. The same investigators showed (26) An interesting observation made in the course of the present investigation was that the dosage of ACTH (0.1 mg. per day), which by itself would cause a significant depression in resistance to an LD60 challenge dose, would enhance resistance up to a level significantly higher than that of untreated controls when STH was administered simultaneously. That there must be a considerably increased demand for adrenocortical hormones during periods of great stress such as in the experimentally induced infection above, is suggested by: (a) the relatively marked increase in adrenal weight, which is presumably associated with hyperfunction, (b) the equally marked involution of the thymus, an effect which is usually considered to be mediated through the adrenal cortex. The importance of the adrenal cortex during stress is also suggested by the fact that adrenalectomized or adrenal-deficient individuals are considered to be much more susceptible to infections and other stresses than intact individuals, and that this condition can be partly if not largely corrected through the administration of adrenal cortical extracts or the glucocorticoids, when the infection is not overwhelming. It was surprising to note the degree of enlargement of the adrenals in untreated animals which had survived a ~,~ or 1 LD60 challenge dose and were sacrificed on the 8th day post challenge; the adrenals showed an increase of approximately 80 per cent in weight over those of normal, un-PITUITARY HOP~IONES AND RESISTANCE TO I N F E C T I O N challenged controls, while animals which had received the same challenge dose but had died on the 4th or 5th day post challenge showed an average adrenal adrenal weight increase of 134 per cent. The thymuses of such animals showed a considerable (78 per cent) involution in this short period of time, whether they had died or were sacrificed. Dougherty had stated (43) that besides the adrenal corticosteroids and certain gonadal hormones, there are no known noxious or adaptive stimuli capable of inducing acute lymphatic tissue involution in the absence of the adrenal cortex, with the exception of various types of irradiation, chloroethyl vesicants, and pyridoxine deficiency. The marked adrenal response is apparently necessary to meet the requirements of acute stress, although the mechanisms involved whereby this is accomplished are not yet clear. The catabolic effects and the inhibitory influence on protein synthesis due to high levels of ACTH or the glucocorticoids are now well known. These effects may reflect the "price that must be paid" for the beneficial effects that derive from glucocorticoid secretion; but it is conceivable that beyond a certain point the former effects can be detrimental to the proper functioning of vital biological systems. Under such circumstances, the homeostatic mechanisms may become completely deranged, and eventually lead to the death of the host.
It is known that during the emergency of acute stress the pituitary-adrenal cortical axis becomes especially prominent in function (44) . It is possible that this may result in a relative, but not necessarily absolute, deficiency of anabolic hormones such as STH. It may also be that greater amounts of ACTH or the glucocorticoids can be tolerated by the body when STH is administered. It may be for these reasons that the animals which received ACTH at a moderate dose together with an adequate amount of STH manifested significantly better survival rates than the untreated controls. In the previous paper (27) it was demonstrated that the depression of antibody formation due to ACTH treatment could be significantly counteracted by simultaneous administration of STH. The importance of such an effect during infection is obvious. In the present experiments the beneficial effects of STH on the maintenance of body weight during the period of acute infection were very evident. They may have served to minimize the stress due to protein catabolism and inhibition of protein synthesis which was presumably induced by the marked adrenal hyperfunction. This could provide a partial explanation for our finding that the adrenals from animals which were treated with STH but had died on the 4th or 5th day post challenge (1 LD60), had increased in weight by only 62 per cent whereas the adrenals of non-hormone treated, infected animals had increased by 134 per cent over the same period of time. This might suggest that the stress upon the infected animals was somehow minimized by the STH treatment, thus resulting in a smaller demand for endogenous ACTH and consequently a smaller degree of adrenal hypertrophy. It is probable that the amelioration of stress by STH in our infected animals was due, at least in part, to the known capacity of that hormone to promote protein synthesis, possibly including antibody formation. One could speculate that under conditions of extreme stress, the capacity of the body to cope with the situation is exceeded, whereas the administration of STH or preferably a moderate amount of ACTH plus an appropriate amount of STH during such severe stress may increase the capacity of the individual to combat infection.
It is probable that optimal doses of ACTH and STH which may be beneficial to intact animals during the process of infection could vary considerably with many factors such as the nature of the infection, invasive properties and dosage of the infective agent, the reactivity of the cells of the reticuloendothelial system in their capacity to phagocytize and to digest microorganisms, the synergisms and antagonisms of these hormones with respect to other physiological factors, as well as species or strain differences of the host. It has been suggested (45) that part of the species or strain differences in resistance to infection may be due to inherent differences in the ratio of the various adrenal steroids secreted. That such differences in the normal secretory pattern exist in various animal species has been previously demonstrated by Bush (46) . It is possible that individual as well as species differences in natural resistance to infection may, at least in part, depend upon differences in hormonal secretory pattern in response to infections.
SUMMARY
The influence of highly purified pituitary adrenocorticotropic (ACTH) and growth (somatotropic, STH) hormones on resistance of normal, young adult rats infected with PasteureUa pestis organisms (EV 76) has been studied.
The daily dosage of ACTH was 0.1 mg. (25 I.U per mg.) and that of STH was 1.0 rag. When these hormones were administered for 3 days prior to infection (1 LDs0) and for 4 days thereafter, ACTH treatment resulted in a significant depression of resistance (p = < 0.001). The simultaneous administration of STH not only resulted in a definite counteraction of the depression (p = < 0.001), but resistance was increased to a level significantly above that of the non-hormone treated controls (p = • 0.001). Treatment with STH alone also showed a significantly higher protection when compared to the same controls (p = < 0.05).
The results of experiments in which the challenge dose was 1 LD60 suggested that greater alterations in resistance, whether it be a depression or enhancement, could be obtained by continuing hormone treatment after challenge instead of discontinuing on the day prior to challenge.
When animals were treated with a relatively high daily dose (1.0 rag.) of ACTH and challenged with only ~ of an LDs0 of organisms, the majority of animals died within 4 to 7 days, whereas either the ACTH treatment or the bacterial dose alone resulted in no deaths. If the hormones were administered for 2 weeks prior to challenge with a high, toxic dose of organisms (4 LD60), and discontinued thereafter, there were significant differences in mortality in the various groups during the first 24 hours post challenge. The ACTH treated group showed a marked drop in resistance (p = < 0.001). STH, when given alone, exercised a significant protection (p -< 0.02), and in combination with ACTH, effectively counteracted the depression of resistance to acute, toxic deaths induced by the latter hormone ( p = < 0.001). In this particular experiment, practically all animals died within 4 to 5 days, owing to the high challenge dose; the few survivors were in the group that had been pretreated with growth hormone.
The maximal loss in body weight following an LD60 challenge dose occurred by the 3rd day post challenge in all groups except in the ACTH-treated animals. At this time the LD~0 control group had lost an average of 14 gin. per rat, the STH group only 3 gin. per rat, whereas the group receiving both hormones lost an average of 7.5 gin. per rat. The ACTH-treated animals showed the greatest weight loss on the 4th day. Thus, under the conditions of the experiment, the beneficial effect of STH on the maintenance of body weight was demonstrated during the period of acute infection.
The peak incidence of death in controls or hormone-treated animals following infection with 1 LDuo of living organisms occurred on the 4th to 5th day post challenge; the earliest deaths occurred on the 3rd day, while the latest occurred on the 7th day. The peak incidence of death after the 4 LD60 challenge dose occurred earlier, falling on the 2nd to 3rd day. Death was always accompanied by the characteristic gross pathology which results from infection with Pasteurella pestis organisms, particularly in the animals which succumbed after the 3rd day. Bacterial cultures usually revealed the presence of numerous Pasteurella pestls organisms in the spleen and heart blood at the time of death. 
